We describe a simple, sensitive determination of phenobarbital, diphenylhydantoin, carbamazepine, and primidone in serum, by use of gas-liquid chromatography with temperature programming. The methylatedderivatives ofthese anticonvulsantsare well resolved,as was 5-(p-methylphenyl)-5-phenylhydantoin, the internal standard. The proposed procedure requiresonly 0.20 ml of serum and can be done in lessthan 30 mm. The lower limit of detection for each of the drugs is 0.5 mg/liter. Analytical recoveriesof drug from serum were excellentand peak height and concentration were linearly related up to twice the toxicconcentrationforserum.
termining antiepileptic drugs (1) (2) (3) . Its sensitivity and specificity allows simultaneous measurement of anticonvulsant drugs. Here, we describe a simple method for simultaneously determining phenobarbital, diphenylhydantoin, primidone, and carbamazepine in 1 ml of plasma or serum in less than 30 mm. Figure 1 ).
Materials and Methods

Reagents and standards
Instrumentation
We used a Model 2400 gas chromatograph (Fisher Scientific Co., Pittsburgh, Pa. 15219) with dual hydrogen flame-ionization detectors and borosilicate glass columns (200cm X 2 mm i.d.) packed with 3% SP 2250 on 100/120 mesh "Supelcoport," type 50-50 Me-Ph (Supelco, Inc., Bellefonte, Pa. 16823). Before use, the columns were heat conditioned at 310 #{176}C for 24 h with a carrier gas (nitrogen) flow rate of 50 ml/min. Oven temperature was maintained at 190 #{176}C during periods of inactivity,with a carrier-gas flow rate of 50 ml/min. The injection ports were sealed with 10-mm septums (Supelco). Detectors and injection ports were heated to 310 and 250 #{176}C, respectively. Electrometer output was monitored with a Fisher Model 5000 series dual-pen recorder, at a chart speed of 25 mm/mm. The electrometer was operated at a range of 10-11 A/mV and the amplifier output was attenuated at 128. Chromatographic conditions. Oven temperature was programmed from 190 to 300 #{176}C at a rate of 15 #{176}C/min, the program being started immediately after the sample extract was injected. Gas-flow rates were: nitrogen, 160 ml/min; hydrogen, 30 ml/min; and air, 300 ml/min.
Extraction Procedure
One milliliter of serum or plasma was combined with 0.5 ml of 0.25 mol/liter hydrochloric acid in a 13 X 150 mm test tube (Teflon-lined screw cap). Five milliliter of chloroform containing 90 tg of the internal standard was added to the screw-cap tube, which was then shaken for 1 mm on a vortex-type mixer. The aqueous (upper) phase was aspirated and the organic phase filtered through a Whatman No. 1 filter paper (the filter paper was rinsed before use with few milliliters of chloroform) into a conical centrifuge tube and evaporated in a warm water bath (40 #{176}C) under a stream of nitrogen. The tubes were closed tightly with a cork until the residues were to be injected into the gas chromatograph. The precision of the proposed method was checked by using aliquots of drug-supplemented serum pools, which were stored frozen. The serum pool contained all four drugs. Figure 1 shows standard curves for primidone, diphenylhydantoin, carbamazepine, and phenobarbital, prepared by the peak-height ratio technique. All four curves are linear to approximately twice the toxic concentration.
Results
Analytical recovery of the drugs from the serum was measured by adding known amounts of these four drugs to the same sample and analyzing it for 31 consecutive days. Recovery ranged from 99 to 104% (Table 2) .
Chromatograms of serum specimens extracted and methylated according to our procedure are presented in Figure 2 . Chromatogram A, with the internal standard, is a typical pattern for serum from a normal individual not receiving anticonvulsants.
The three predominant peaks marked S are attributable to normal serum constituents.
Chromatogram B is from a patient who was receiving all four of the antiepileptic drugs. The concentrations calculated from this serum sample were: primidone, 4 mg/liter; phenobarbital, 20 mg/liter; carbamazepine, 3 mg/liter; and diphenylhydantoin, 10 mg/liter. Chromatogram C is our standard 4 (Table 1) , prepared by adding the drugs to pooled serum. All four drug peaks were well separated and there were no interfering peaks.
Precision
The between-day precision of the proposed method was evaluated ( Table 2 A, drug..free serum (1.0 ml) with internal standard. B, serum (1.0 ml) from patient receiving phenobarbltal. dlphenylhydantoln. carbamazepine.
and primidone.
C, serisn (1.0 ml) to which these four drugs have been added
The usual sample volume used was 1 ml of serum or plasma. In pediatric cases, similar results can be obtained by decreasing the amounts of serum, chloroform, and reagent proportionately.
In some instances we successfully used as little as 0.2 ml of serum.
Drug concentrations as low as 0.5 mg/liter were easily measured by adjusting the sensitivity of the analysis, e.g., injecting a more concentrated extract, increasing the volume of injection, or increasing the electrometer output.
Discussion
Rose et al. (4) The five standard that contain all the four drugs were prepared on the basis of a report on observed concentrations in serum (5). In our proposed method the concentration in standard 5 is about twice the toxic concentration, standard 1 is less than a third the therapeutic concentration.
With this procedure one can determine the most commonly used antiepileptic drugs in a single operation within 30 mm.
